Abstract-The term of "Power Quality" is used to describe the electromagnetic phenomenon in variations of voltage and current in the power system. Most power quality disturbances can come from the facility itself, such as large loads turning on simultaneously, improper wiring and grounding practices, the start-up of large motors and electronic equipments that can be both a source and victim of power quality phenomena or from externally generated, for example, lightning strokes on the power lines. Currently, there are so many industries using a high technology for the manufacturing and requiring a high quality of power supply. Therefore, the paper is focusing mainly on power quality disturbance and the technique used to improve the quality of delivered power such as Unified Power Quality Conditioner (UPQC). A comprehensive analysis was performed on the parameters that affecting the performance UPQC and the MATLAB software has been used to simulate the test system. Based on the results of analysis, it can be confirmed that UPQC is an effective technique for quick improvement of power quality.
I. INTRODUCTION
owadays, power quality (PQ) issues are becoming more and more significant especially in electrical engineering related fields. PQ can be defined as any problem manifested in voltage, current, or frequency deviation that results in failure or disoperation of customer equipments. As per international standards, the term PQ can be defined as the physical characteristics of the electrical supply provided under normal operating conditions that do not disrupt or disturb the user's processes [1] . However, the term PQ issues can have different meanings and significances according to the requirements or environmental condition under which it has been defined. For example, for the utility, it might be the concern of non-linear load causing harmonics on the network, for the consumers, it might be the distortion present in the supplied voltage, etc [2] . In the current power system, there are many types of power quality disturbance such as sag, swell, transient, harmonic, interruption, flicker and voltage unbalance. All these types are caused by load switching, system faults, motor starting, load variations, non-linear loads and furnaces. In order to compensate the power quality disturbance, many devices and expert systems have been developed. Active power filters are widely used to tackle some of the important power quality problems. The increased concern of power quality has resulted in measuring the power quality variations and characteristics disturbances for different customer categories. Recent trends are geared towards the realization of multitasking devices which can tackle several power quality problems simultaneously [3] .
One of the interesting proposals within the active filters is the UPQC that has integrated the characteristics of a series filter and a shunt filter. The series-active filter is functioning as a harmonic isolation between a sub transmission system and a distribution system. Furthermore, the series-active filter has the capability of voltage regulation and harmonic compensation at the utility-consumer point of common coupling (PCC). As for the shunt-active filter, it is used to absorb current harmonics, compensate for reactive power and negative sequence current, and regulate the DC-link voltage between both active filters. Integration of the series-active and shunt-active filters is called the UPQC, associated with the unified power flow controller (UPFQ) [3, 4, 5 & 6] . It is similar in construction to UPFC. The UPQC, just as in a UPFC, utilizes two voltage source inverters (VSIs) that connected to a DC energy storage capacitor. One of these two VSIs is connected in series with AC line while the other is connected in shunt with the AC system. Similarly, a UPQC also performs shunt and series compensation in a power distribution system. Since a power transmission line generally operates in a balanced, a UPFC must only provide balanced shunt or series compensation. A power distribution system may contain unbalance, distortion and even DC components. Therefore, a UPQC must operate with all these aspects to provide shunt or series compensation [7] .
II. MAJOR POWER QUALITY DISTURBANCES
The increased concern for PQ has resulted in measuring power quality variations, studying the impact and causes of power disturbances and providing solutions to the PQ problems. There are a number of problems causing the poor PQ in distribution systems, a summary of PQ disturbances, their effects and causes are presented in Table 1 , these terms and their definitions are known and used in PQ studies [8] . It is also important to realize that there are other sources of
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Ahmed M. A. Haidar, Chellali Benachaiba, Faisal A. F. Ibrahim, Kamarul Hawari N > EIT020 < disturbances which are not associated with the incoming power supply such as electrostatic discharges, radiated electromagnetic interference and operator errors. In addition, mechanical and environmental factors can also play a part in system disturbances. These can include excessive temperature, contamination, excessive vibration and loose connections. In the past, power system equipment has been able to operate successfully with relatively wide variations of voltage, current and frequency. However, within the last five to ten years a large amount of equipments have been added to the power systems which are not so tolerant of these variations. This includes a large amount of equipments that are driven by power electronics.
III. PRINCIPLE OPERATION OF UNIFIED POWER QUALITY CONDITIONER
The main purpose of a UPQC is to compensate the voltage unbalance, reactive power, negative-sequence current and harmonics. The system configuration of UPQC is given in Figure 1 . In this system, the power supply is assumed to be a three-phase system. The UPQC is installed to protect a sensitive load from all disturbances. It consists of two voltage source inverters connected back to back, sharing a common AC link. It is functioning as a shunt active power filter (APF) to compensate load harmonic current, reactive current and maintain the DC link voltage at constant level. The second inverter is connected in series with the line using series transformers which is acting as a controlled voltage source to maintain the load voltage sinusoidal at a desired constant voltage level [9, 10] . The voltage at PCC may be or may not be distorted depending on the other non-linear loads connected to the PCC. Due to the voltage Distortion, the system may contain negative phase sequence and harmonic components. In general, the source voltage in Figure 2 can be expressed as:
To obtain a balance sinusoidal load voltage with fixed amplitudeV , the output voltages of the series-APF should be given by;
where, 
ϕ : initial phase of current for positive sequence As seen from the above equations that the harmonic, reactive and negative sequence current is not flowing into the power source. Therefore, the terminal source current is harmonic-free sinusoid and has the same phase angle as the phase voltage at the load terminal, 
IV. RESULTS AND DISCUSSIONS
In this study, a SIMPOWERSYSTEM blockset of MATLAB / SIMULINK is used as a simulation tool with a simplified control algorithm for UPQC. Figure 3 shows a system configuration for UPQC. A series and shunt (parallel) active power filters are presented in the given system. This work is focusing on current harmonic and voltage sag compensation by UPQC. In the given system, the reactive power flow during the normal working condition is not connected by UPQC. In this condition, the reactive power into the load is only supplied by the source. When the UPQC is connected into the network, the shunt APF is operating, in this case, the reactive power into the load is provided by the shunt APF. So as long as the shunt APF is ON, it is handling all the reactive power even during voltage sag and current harmonic compensation. The series APF is not taking any active part in supplying the load reactive power. Fig. 3 . System configuration of three-phase UPQC using MATLAB environment > EIT020 < Figures 4 and 5 show the source voltage and current respectively before and after the injection of UPQC, in these figures, the voltage sag occurs at 0.2s-0.3s and harmonic at 0.4s-0.5s. The reactive power flow during the entire operation of UPQC is shown in Figures 6 and 7 . The type of the attached load is non-linear load containing an uncontrolled three phase rectifier with an inductive-resistive load. After compensation, source current becomes sinusoidal and in phase with the source voltage; hence, both harmonics and reactive power are compensated simultaneously. From figures 4, 5, 6 and 7, it can be concluded that the UPQC is an effective device to compensate the voltage distortion due to the parallel use of the series and shunt filter.
For further investigation on the parameters of UPQC during voltage sags, a number of simulations carried out to select the optimal values of the system components considering the variations of resistor, inductor and capacitor values for the shunt and series APF. The results of this investigation are summarized in Table 2 , 3 and 4. In order to avoid the transient state, in the simulation, the calculation of total harmonic distortion (THD) starts from 0.1s and the THD of the current source must be less than 5% according to the IEEE standard 519-1992. Table 1 shows some cases in which the values of capacitor for the shunt APF were changed while the values of resistor and inductor are kept constant. As seen from this table, the higher values are affecting the mitigation of voltage sag and the THD of source current. Referring to Table 3 , the changes of inductance values in small ranges are slightly disturbing the voltage mitigation. On the other hand, the THD of the source current sharply distorted due to the increase of inductance, these disturbances can be occurred when both values of resistance inductance are increased as illustrated in Table 4 . Similarly, the impact of mitigation process on DC voltage for the considered cases in Tables 1, 2 , and 3 can be observed in Figures 8, 9 , and 10. Theses figures show the short duration of DC voltage instability. In the mitigation condition, the stability of the DC voltage take place, it depends on the optimal values of the APF. Referring to Figures 8, 9 and 10, the stability time of the cases that have higher THD is more than the cases where the THD is lower. 
In this paper, a conceptual analysis for the parameters of UPQC has been carried out during voltage sag and harmonic distortion. Besides that, different operating conditions have been considered to evaluate the performance of series and shunt active power filters in compensating the distortions of both source voltages and load currents. The components on each control, series and shunt APF are the most important factors in compensating process. Some parameters are affecting the performance of UPQC to enhance the voltage sag such as the optimal capacitors values of the shunt APF. On the other hand, UPQC performance mainly depends upon how accurately and quickly reference signals are derived. By using conventional technique to select the optimal values of UPQC parameters, the system requires measurements of load, filters, currents, voltages and DC voltage in order to regulate DC bus. Furthermore, conventional technique doesn't work for a large system. Therefore, a better choice is to apply an intelligent technique to optimize the UPQC parameter values. Table 4 
